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310 
PROVIDE A SEMICONDUCTOR SUBSTRATE l/ 

V 

GROW AN EPITAXIAL SEMICONDUCTOR LAYER HAVING r320 
AN UPPER SURFACE OvER THE SEMICONDUCTOR SUBSTRATE 

V 

FORM A BURIED LAYER IN THE EPITAXIAL SEMICONDUCTOR 
LAYER, WHEREIN A PORTION OF THE EPITAXIAL SEMICONDUCTOR 

LAYER IS LOCATED BELOW THE BURIED LAYER AND HAS A DOPING 
CONCENTRATION LOWER THAN A DOPING CONCENTRATION OF 

THE SEMICONDUCTOR SUBSTRATE, AND A PORTION OF THE EPITAXIAL 
SEMICONDUCTOR LAYER IS LOCATED ABOVE THE BURIED LAYER 

f 330 

TV 

FORM A FIRST ELECTRICALLY INSULATING TRENCH EXTENDING f340 
FROM THE UPPER SURFACE OF THE EPITAXIAL SEMICONDUCTOR LAYER 

INTO THE EPITAXIAL SEMICONDUCTOR LAYER, WHERE THE FIRST 
ELECTRICALLY INSULATINO TRENCH HAS A BOTTOM SURFACE 

TT 

FORM A SECOND ELECTRICALLY INSULATING TRENCH EXTENDING T350 
FROM THE UPPER SURFACE OF THE EPITAXIAL SEMICONDUCTOR 
LAYER OR THE BOTTOM SURFACE OF THE FIRST ELECTRICALLY 

INSULATING TRENCH AND INTO AT LEAST A PORTION OF 
' THE BURIED LAYER 

V 

FORM SEMICONDUCTOR DEVICES IN THE EPITAXIAL / 360 
SEMICONDUCTOR LAYER 

@ 
FIG.3 
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PROVIDE A SEMICONDUCTOR SUBSTRATE 

v 

GROW A FIRST EPITAxIAL SEMICONDUCTOR LAYER HAVING A DOPINC r420 
CONCENTRATION LOwER THAN A DOPINO CONCENTRATION OF THE 
SEMICONDUCTOR SUBSTRATE OvER THE SEMICONDUCTOR SUBSTRATE 

M 

FORM A DOPED REGION IN AN UPPER PORTION OF THE FIRST f430 
_ EPITAXIAL SEMICONDUCTOR LAYER 

M 

GROW A SECOND EPITAXIAL SEMICONDUCTOR LAYER HAVING AN UPPER f440 
SURFACE OVER THE FIRST EPITAxIAL SEMICONDUCTOR LAYER 

M 

FORM A FIRST ELECTRICALLY INSULATINC TRENCH ExTENDINC FROM /450 
THE UPPER SURFACE OF THE SECOND EPITAxIAL SEMICONDUCTOR 

LAYER INTO THE SECOND EPITAxIAL SEMICONDUCTOR LAYER, wHERE 
THE FIRST ELECTRICALLY INSULATINC TRENCH HAS A BOTTOM SURFACE 

V 

FORM A SECOND ELECTRICALLY INSULATING TRENCH EXTENDING FROM 
THE UPPER SURFACE OF THE SECOND EPITAXIAL SEMICONDUCTOR 
LAYER OR THE BOTTOM SURFACE OF THE FIRST ELECTRICALLY 

INSULATING TRENCH AND INTO AT LEAST A PORTION OF 
THE DOPED REGION 

f 460 

M 

FORM SEMICONDUCTOR DEYICES IN THE EPITAxIAL / 470 
SEMICONDUCTOR LAYER 

400 

vFYCP'ALL' 
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ELECTRONIC COMPONENT AND METHOD 
OF MANUFACTURING SAME 

FIELD OF THE INVENTION 

This invention relates generally to electronics, and relates 
more particularly to electronic components and methods of 
manufacture. 

BACKGROUND OF THE INVENTION 

The metal-oxide-semiconductor ?eld-effect-transistor 
(MOSFET) is an electronic component that has long been 
used for a Wide variety of applications. PoWer applications, 
such as printer head drivers, motor controls, anti-lock brake 
systems, and distributed airbag deployment systems, impose 
certain requirements on electronic components used in such 
applications. For example, MOSFETs used in poWer appli 
cations must have high breakdoWn voltages or, in other 
Words, must be capable of tolerating the high currents and 
voltages characteristic of poWer applications Without break 
ing doWn. High breakdoWn voltages in MOSFETs have been 
achieved, for example, by providing epitaxial layers With 
large thicknesses and loW (doping concentration for sustain 
ing the appropriate breakdoWn voltage. Proper poWer MOS 
FET functionality also depends on reducing or eliminating 
parasitic injection of minority carriers into the substrate 
When the MOSFET drain goes beloW the substrate potential. 
Parasitic substrate injection reduction has been achieved, for 
example, by heavily doping the substrate such that the 
minority carriers that cause such parasitic substrate injection 
have very short diffusion lengths. Thick epitaxial layers, 
hoWever, tend to increase the minority carrier diffusion 
lengths, thus interfering With the ability of the heavily doped 
substrate to reduce parasitic substrate injection. Although 
silicon-on-insulator (SOI) platforms have proven effective 
in providing high breakdoWn voltages and in eliminating 
parasitic minority carrier substrate injection, the design 
complexity, higher Wafer cost, and loWer heat removal 
capability of SOI technology make the use of SOI platforms 
problematic for many applications. Accordingly, there exists 
a need for a non-SOI electronic component capable of 
providing the high breakdoWn voltages and loW parasitic 
minority carrier substrate injection necessary for poWer 
applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will be better understood from a reading of 
the folloWing detailed description, taken in conjunction With 
the accompanying ?gures in the draWings in Which: 

FIG. 1 is a cross sectional vieW of an electronic compo 
nent according to an embodiment of the invention; 

FIG. 2 is a cross sectional vieW of an electronic compo 
nent according to another embodiment of the invention; 

FIG. 3 is a How chart illustrating a method of manufac 
turing an electronic component according to an embodiment 
of the invention; and 

FIG. 4 is a How chart illustrating a method of manufac 
turing an electronic component according to another 
embodiment of the invention. 

For simplicity and clarity of illustration, the draWing 
?gures illustrate the general manner of construction, and 
descriptions and details of Well-knoWn features and tech 
niques may be omitted to avoid unnecessarily obscuring the 
invention. Additionally, elements in the draWing ?gures are 
not necessarily draWn to scale. For example, the dimensions 
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2 
of some of the elements in the ?gures may be exaggerated 
relative to other elements to help improve understanding of 
embodiments of the present invention. The same reference 
numerals in different ?gures denote the same elements. 

The terms “?rst,” “second,” “third,” “fourth,” and the like 
in the description and in the claims, if any, are used for 
distinguishing betWeen similar elements and not necessarily 
for describing a particular sequential or chronological order. 
It is to be understood that the terms so used are interchange 
able under appropriate circumstances such that the embodi 
ments of the invention described herein are, for example, 
capable of operation in sequences other than those illustrated 
or otherWise described herein. Furthermore, the terms 
“comprise,” “include,” “have,” and any variations thereof, 
are intended to cover a non-exclusive inclusion, such that a 

process, method, article, or apparatus that comprises a list of 
elements is not necessarily limited to those elements, but 
may include other elements not expressly listed or inherent 
to such process, method, article, or apparatus. 

The terms “left,” “right,” “front,” “back,” “top,” 
“bottom,” “over,” “under,” and the like in the description 
and in the claims, if any, are used for descriptive purposes 
and not necessarily for describing permanent relative posi 
tions. It is to be understood that the terms so used are 
interchangeable under appropriate circumstances such that 
the embodiments of the invention described herein are, for 
example, capable of operation in other orientations than 
those illustrated or otherWise described herein. The term 
“coupled,” as used herein, is de?ned as directly or indirectly 
connected in an electrical or non-electrical manner. 

DETAILED DESCRIPTION OF THE DRAWINGS 

In an embodiment of the invention disclosed herein, an 
electronic component includes a semiconductor substrate, an 
epitaxial semiconductor layer over the semiconductor 
substrate, and a semiconductor region in the epitaxial semi 
conductor layer. The epitaxial semiconductor layer has an 
upper surface. A ?rst portion of the epitaxial semiconductor 
layer is located beloW the semiconductor region, and a 
second portion of the epitaxial semiconductor layer is 
located above the semiconductor region. The semiconductor 
substrate and the ?rst portion of the epitaxial semiconductor 
layer have a ?rst conductivity type, and the semiconductor 
region has a second conductivity type. At least one electri 
cally insulating trench extends from the upper surface of the 
epitaxial semiconductor layer into at least a portion of the 
semiconductor region. The semiconductor substrate has a 
doping concentration higher than a doping concentration of 
the ?rst portion of the epitaxial semiconductor layer. 

Referring noW to FIG. 1, Which is a cross sectional vieW 
of an electronic component according to an embodiment of 
the invention, an electronic component 100 comprises a 
semiconductor substrate 110, an epitaxial semiconductor 
layer 120 over semiconductor substrate 110, and a semicon 
ductor region 130 in epitaxial semiconductor layer 120. In 
the embodiment illustrated in FIG. 1, epitaxial semiconduc 
tor layer 120 is a single epitaxial semiconductor layer 
comprising a portion 121 located beloW semiconductor 
region 130 and a portion 122 located above semiconductor 
region 130. As an example, portion 122 can have a thickness 
of approximately tWo to six micrometers, Which can alloW 
electronic component 100 to achieve breakdoWn voltages in 
excess of 55 volts Epitaxial semiconductor layer 120 
has an upper surface 123. In one embodiment, semiconduc 
tor substrate 110 and epitaxial semiconductor layer 120 can 
both comprise silicon. In a different embodiment, one or 
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more of semiconductor substrate 110 and epitaxial semicon 
ductor layer 120 can comprise different semiconductor 
materials. 

Electronic component 100 further comprises an electri 
cally insulating trench 160 in epitaxial semiconductor layer 
120. Electrically insulating trench 160 has a bottom surface 
161. Electronic component 100 still further comprises at 
least one electrically insulating trench 140, a top portion of 
Which can be adjacent to bottom surface 161 of electrically 
insulating trench 160. In one embodiment, electrically insu 
lating trench 140 extends from bottom surface 161 into at 
least a portion of semiconductor substrate 110. In another 
embodiment, Electrically insulating trench 140 could extend 
from bottom surface 161 into at least a portion of semicon 
ductor region 130, but not into portion 121 of epitaxial 
semiconductor layer 120. In yet another embodiment, elec 
trically insulating trench 140 could extend from bottom 
surface 161 into at least a portion of portion 121 of epitaxial 
semiconductor layer 120, but not into semiconductor sub 
strate 110. In still another embodiment, electrically insulat 
ing trench 140 could extend from upper surface 123, and 
electronic component 100 could either include or not include 
electrically insulating trench 160. In a particular 
embodiment, electrically insulating trench 140 extends 
beloW bottom surface 161 a distance of approximately 8.0 
micrometers When epitaxial semiconductor layer 120 has a 
thickness of approximately 10.0 micrometers. 

Semiconductor substrate 110 and portion 121 of epitaxial 
semiconductor layer 120 have a ?rst conductivity type, and 
semiconductor region 130 has a second conductivity type. In 
the same or a different embodiment, portion 122 of epitaxial 
semiconductor layer 120 has the ?rst conductivity type. In 
one embodiment, the ?rst conductivity type is a P-type 
conductivity, and the second conductivity type is an N-type 
conductivity. Semiconductor substrate 110 has a higher 
doping concentration than a doping concentration of portion 
121. In a particular embodiment, the doping concentration of 
semiconductor substrate 110 is at least 1018 atoms per cubic 
centimeter. 

Electronic component 100 may, in one embodiment, 
further comprise at least one dielectric material, such as a 
dielectric material 141, in electrically insulating trench 140. 
Dielectric material 141 may be an oxide or nitride layer, or 
may comprise some other dielectric material. As an 
example, the oxide layer can consist substantially of silicon 
dioxide that is thermally groWn in an oxidation furnace or 
that is deposited by a chemical vapor deposition process. As 
other examples, the oxide layer can consist substantially of 
tetra-ethyl-ortho-silicate (TEOS) or phosphosilicate glass 
that is deposited by a chemical vapor deposition process, or 
an oxide layer can consist substantially of silicon oxy-nitride 
that is also deposited by a chemical vapor deposition pro 
cess. Furthermore, the oxide layer can comprise a high 
dielectric constant material such as, for example, hafnium 
oxide. A nitride layer, as an example, can consist substan 
tially of silicon nitride that is deposited by a chemical vapor 
deposition process. As another example, a nitride layer can 
consist substantially of silicon oxy-nitride that is also depos 
ited by a chemical vapor deposition process. 

In the embodiment illustrated in FIG. 1, dielectric mate 
rial 141 lines but does not ?ll electrically insulating trench 
140. In another embodiment, not shoWn, dielectric material 
141 may ?ll electrically insulating trench 140. Electronic 
component 100 may further comprise a semiconducting 
material 142 in electrically insulating trench 140. Semicon 
ducting material 142 may be separated from epitaxial semi 
conductor layer 120 by dielectric material 141. Further, 
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4 
semiconducting material 142 may be electrically ?oating or 
electrically biased, depending on the application for Which 
electronic component 100 is designed. Semiconducting 
material 142 can be comprised of the same or a different 
semiconducting material as semiconductor substrate 110 
and/or epitaxial semiconductor layer 120. In a particular 
embodiment, semiconducting material 142 comprises sili 
con. 

Electronic component 100 may further comprise semi 
conductor devices 150 in epitaxial semiconductor layer 120. 
Adjacent ones of semiconductor devices 150 may be sepa 
rated by one or more of electrically insulating trench 140. In 
a particular embodiment, as illustrated in FIG. 1, adjacent 
ones of semiconductor devices 150 are separated by tWo 
electrically insulating trenches 140. The tWo electrically 
insulating trenches are spaced apart from each other, With 
portions of semiconductor substrate 110, epitaxial semicon 
ductor layer 120, and semiconductor region 130 located 
betWeen the tWo electrically insulating trenches 140. It Will 
be understood that the depth of electrically insulating 
trenches 140 beloW upper surface 123 or bottom surface 161 
Will determine What is located betWeen electrically insulat 
ing trenches 140. For example, in an embodiment Wherein 
electrically insulating trenches 140 extend from bottom 
surface 161 and into semiconductor region 130 but not into 
semiconductor substrate 110, it Will be understood that 
portions of semiconductor region 130 and epitaxial semi 
conductor layer 120, but not semiconductor substrate 110, 
are located betWeen the tWo electrically insulating trenches 
140. 
A Width 143 of each electrically insulating trench 140 

may vary depending on, among other factors, the number of 
electrically insulating trenches included in electronic com 
ponent 100, and on the degree of electrical isolation desired 
betWeen semiconductor devices 150. In one embodiment 
Where only a single one of electrically insulating trench 140 
is located betWeen tWo adjacent semiconductor devices 150, 
Width 143 is approximately 1.5 to 2.5 micrometers. In 
another embodiment Where more than one electrically insu 
lating trench 140 is located betWeen tWo adjacent semicon 
ductor devices 150, Width 143 is approximately 1.0 to 2.0 
micrometers. In the same or a different embodiment, both 
dielectric material 141 and semiconducting material 142 
may have an as-deposited thickness of approximately 0.5 
micrometers. In another embodiment, dielectric material 
141 and semiconducting material 142 may have thicknesses 
that are different from each other, and from the values given 
hereinabove. Similarly, in an embodiment Wherein elec 
tronic component 100 comprises more than one electrically 
insulating trench 140, different ones of the electrically 
insulating trenches may or may not have the same Width 
143. 

Referring noW to FIG. 2, Which is a cross sectional vieW 
of an electronic component according to another embodi 
ment of the invention, an electronic component 200 com 
prises semiconductor substrate 110 and epitaxial semicon 
ductor layer 120 over semiconductor substrate 110. Epitaxial 
semiconductor layer 120 is a composite epitaxial semicon 
ductor layer comprised of an epitaxial semiconductor layer 
221 and an epitaxial semiconductor layer 222 over epitaxial 
semiconductor layer 221. Portion 121 of epilaxial semicon 
ductor layer 120 is located Within epitaxial semiconductor 
layer 221, and portion 122 of epitaxial semiconductor layer 
120 is located Within epitaxial semiconductor layer 222. 
Prior to the formation of semiconductor region 230, epi 
taxial semiconductor layer 221 has the ?rst conductivity 
type. In one embodiment, prior to the formation of semi 
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conductor region 230, epitaxial semiconductor layer 222 
also has the ?rst conductivity type. In another embodiment, 
prior to the formation of semiconductor region 230, epitaxial 
semiconductor layer 222 has the second conductivity type. 
Semiconductor substrate 110 has a higher doping concen 
tration than a doping concentration of epitaxial semiconduc 
tor layer 221. Semiconductor substrate 110 and epitaxial 
semiconductor layers 221 and 222 can be comprised of the 
same or different semiconducting materials. 

Electronic component 200 further comprises a subse 
quently formed semiconductor region 230 located in epi 
taxial semiconductor layer 221 and in epitaxial semiconduc 
tor layer 222. Semiconductor layer 230 can be similar to 
semiconductor layer 130, but can he formed in a diffusion 
process rather than an implantation process. Semiconductor 
region 230 has the second conductivity type. Electronic 
component 200 still further comprises semiconductor 
devices 150 and at least one electrically insulating trench 
240 extending from upper surface 123 into at least a portion 
of semiconductor substrate 110. In another embodiment, 
electrically insulating trench 240 could extend from upper 
surface 123 into at least a portion of semiconductor region 
230, but not into portion 121. In yet another embodiment, 
electrically insulating trench 240 could extend from upper 
surface 123 into epitaxial semiconductor layer 221, but not 
into semiconductor substrate 110. In still another 
embodiment, electronic component 200 could comprise 
another electrically insulating trench similar to electrically 
insulating trench 160 in FIG. 1. 

Refer noW to FIG. 3, Which is a How chart illustrating a 
method 300 of manufacturing an electronic component 
according to an embodiment of the invention. A step 310 of 
method 300 is to provide a semiconductor substrate. As an 
example, the semiconductor substrate can be similar to 
semiconductor substrate 110 in FIGS. 1 and 2. Astep 320 of 
method 300 is to groW an epitaxial semiconductor layer 
having an upper surface over the semiconductor substrate. 
As an example, the epitaxial semiconductor layer can be 
similar to epitaxial semiconductor layer 120 in FIGS. 1 and 
2. A step 330 of method 300 is to form a buried layer in the 
epitaxial semiconductor layer, Wherein a portion of the 
epitaxial semiconductor layer is located beloW the buried 
layer and has a doping concentration loWer than a doping 
concentration of the semiconductor substrate, and a portion 
of the epitaxial semiconductor layer is located above the 
buried layer. As an example, the buried layer can be similar 
to semiconductor region 130 in FIG. 1. In one embodiment, 
the buried layer is formed by ion implantation. 

Referring still to FIG. 3, an optional step 340 of method 
300 is to form a ?rst electrically insulating trench extending 
from the upper surface of the epitaxial semiconductor layer 
into the epitaxial semiconductor layer, Where the ?rst elec 
trically insulating trench has a bottom surface. As an 
example, the ?rst electrically insulating trench can be simi 
lar to electrically insulating trench 160 in FIG. 1. Astep 350 
of method 300 is to form a second electrically insulating 
trench extending from the upper surface of the epitaxial 
semiconductor layer or the bottom surface of the ?rst 
electrically insulating trench and into at least a portion of the 
buried layer. As an example, the second electrically insulat 
ing trench can be similar to electrically insulating trench 140 
in FIG. 1 and electrically insulating trench 240 in FIG. 2. In 
one embodiment, step 350 of method 300 comprises form 
ing one or more additional electrically insulating trenches 
similar to the second electrically insulating trench, Wherein 
the additional electrically insulating trenches and the second 
electrically insulating trench are each separated from each 
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6 
other by portions of the ?rst and second portions of the 
epitaxial semiconductor layer. A step 360 of method 300 is 
to form semiconductor devices in the epitaxial semiconduc 
tor layer, Where adjacent semiconductor devices are sepa 
rated by at least one of the second electrically insulating 
trenches. As an example, the semiconductor devices can be 
similar to semiconductor devices 150 in FIGS. 1 and 2. 

Refer noW to FIG. 4, Which is a How chart illustrating a 
method 400 of manufacturing an electronic component 
according to another embodiment of the invention. A step 
410 of method 400 is to provide a semiconductor substrate. 
As an example, the semiconductor substrate can be similar 
to semiconductor substrate 110 in FIGS. 1 and 2. Astep 420 
of method 400 is to groW a ?rst epitaxial semiconductor 
layer having a doping concentration loWer than a doping 
concentration of the semiconductor substrate over the semi 
conductor substrate. As an example, the ?rst epitaxial semi 
conductor layer can be similar to epitaxial semiconductor 
layer 221 in FIG. 2. A step 430 of method 400 is to form a 
doped region in an upper portion of the ?rst epitaxial 
semiconductor layer. As an example, the doped region can 
be similar to semiconductor region 230 in FIG. 2. 

Referring still to FIG. 4, a step 440 of method 400 is to 
groW a second epitaxial semiconductor layer having an 
upper surface over the ?rst epitaxial semiconductor layer. As 
an example, the second epitaxial semiconductor layer can be 
similar to epitaxial semiconductor layer 222 in FIG. 2. In 
one embodiment, step 440 further comprises diffusing a 
portion of the doped region into a loWer portion of the 
second epitaxial semiconductor layer. An optional step 450 
of method 400 is to form a ?rst electrically insulating trench 
extending from the upper surface of the second epitaxial 
semiconductor layer into the second epitaxial semiconductor 
layer, Where the ?rst electrically insulating trench has a 
bottom surface. As an example, the ?rst electrically insulat 
ing trench can be similar to electrically insulating, trench 
160 in FIG. 1. Astep 460 of method 400 is to form a second 
electrically insulating trench extending from the upper sur 
face of the second epitaxial semiconductor layer or the 
bottom surface of the ?rst electrically insulating trench and 
into at least a portion of the doped region. As an example, 
the second electrically insulating trench can be similar to 
electrically insulating trench 140 in FIG. 1 and electrically 
insulating trench 240 in FIG. 2. In one embodiment, step 460 
of method 400 comprises forming one or more additional 
electrically insulating trenches similar to the second electri 
cally insulating trench, Wherein the additional electrically 
insulating trenches and the second electrically insulating 
trench are each separated from each other by portions of the 
?rst and second portions of the epitaxial semiconductor 
layer. A step 470 of method 400 is to form semiconductor 
devices in the second epitaxial semiconductor layer, Where 
adjacent semiconductor devices are separated by at least one 
of the second electrically insulating trenches. As an 
example, the semiconductor devices can be similar to semi 
conductor devices 150 in FIGS. 1 and 2. 

Although the invention has been described With reference 
to speci?c embodiments, it Will be understood by those 
skilled in the art to Which the invention pertains that various 
changes may be made Without departing from the spirit or 
scope of the invention. Accordingly, the disclosure of 
embodiments of the invention is intended to be illustrative of 
the scope of the invention and is not intended to be limiting. 
It is intended that the scope of the invention shall be limited 
only to the extent required by the appended claims. To one 
of ordinary skill in the art it Will be readily apparent that the 
invention discussed herein may be implemented in a variety 
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of embodiments, and that the foregoing discussion of certain 
of these embodiments does not necessarily represent a 
complete description of all possible embodiments. 

Additionally, bene?ts, other advantages, and solutions to 
problems have been described With regard to speci?c 
embodiments. The bene?ts, advantages, solutions to 
problems, and any element or elements that may cause any 
bene?t, advantage, or solution to occur or become more 

pronounced, hoWever, are not to be construed as critical, 
required, or essential features or elements of any or all of the 
claims. Moreover, embodiments and limitations disclosed 
herein are not dedicated to the public under the doctrine of 
dedication if the embodiments and/or limitations: (1) are not 
expressly claimed in the claims and (2) are or are potentially 
equivalents of express elements and/or limitations in the 
claims under the doctrine of equivalents. 
What is claimed is: 
1. An electronic component comprising: 

a semiconductor substrate having a ?rst conductivity type; 

an epitaxial semiconductor layer over the semiconductor 
substrate; 

a semiconductor region in the epitaxial semiconductor 
layer and having a second conductivity type, a ?rst 
portion of the epitaxial semiconductor layer located 
beloW the semiconductor region and a second portion 
of the epitaxial semiconductor layer located above the 
semiconductor region, the ?rst portion of the epitaxial 
semiconductor layer having the ?rst conductivity type; 
and 

an electrically insulating trench extending into at least a 
portion of the semiconductor region, 

Wherein: 
the ?rst portion of the epitaxial semiconductor layer has 

a doping concentration loWer than a doping concen 
tration of the semiconductor substrate. 

2. The electronic component of claim 1 Wherein: 
the electrically insulating trench extends into at least a 

portion of the ?rst portion of the epitaxial semiconduc 
tor layer. 

3. The electronic component of claim 1 Wherein: 
the electrically insulating trench extends into at least a 

portion of the semiconductor substrate. 
4. The electronic component of claim 1 further compris 

ing: 
at least one dielectric material ?lling the electrically 

insulating trench. 
5. The electronic component of claim 1 further compris 

ing: 
a dielectric material in the electrically insulating trench; 

and 

a semiconducting material in the electrically insulating 
trench and separated from the epitaxial semiconductor 
layer by the dielectric material. 

6. The electronic component of claim 5 Wherein: 

the semiconducting material is electrically ?oating. 
7. The electronic component of claim 5 Wherein: 

the semiconducting material is electrically biased. 
8. The electronic component of claim 1 Wherein: 
the doping concentration of the semiconductor substrate is 

at least 1018 atoms per cubic centimeter. 
9. The electronic component of claim 1 Wherein: 

the electrically insulating trench has a Width of approxi 
mately 1.5 to 2.5 micrometers. 
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10. The electronic component of claim 1 Wherein: 
the electrically insulating trench has a Width of approxi 

mately 1.0 to 2.0 micrometers. 
11. The electronic component of claim 1 Wherein: 
the epitaxial semiconductor layer is a composite epitaxial 

semiconductor layer comprised of a ?rst epitaxial semi 
conductor layer and a second epitaxial semiconductor 
layer, the ?rst portion of the epitaxial semiconductor 
layer located Within the ?rst epitaxial semiconductor 
layer and the second portion of the epitaxial semicon 
ductor layer located Within the second epitaxial semi 
conductor layer; 

the ?rst epitaxial semiconductor layer has the ?rst con 
ductivity type; and 

the second epitaxial semiconductor layer has the ?rst 
conductivity type. 

12. The electronic component of claim 1 Wherein: 
the epitaxial semiconductor layer is a composite epitaxial 

semiconductor layer comprised of a ?rst epitaxial semi 
conductor layer and a second epitaxial semiconductor 
layer, the ?rst portion of the epitaxial semiconductor 
layer located Within the ?rst epitaxial semiconductor 
layer and the second portion of the epitaxial semicon 
ductor layer located Within the second epitaxial semi 
conductor layer; 

the ?rst epitaxial semiconductor layer has the ?rst con 
ductivity type; and 

the second epitaxial semiconductor layer has the second 
conductivity type. 

13. The electronic component of claim 1 Wherein: 
the epitaxial semiconductor layer is a single epitaxial 

semiconductor layer; and 
the second portion of the epitaxial semiconductor layer 

has the ?rst conductivity type. 
14. The electronic component of claim 1 further compris 

ing: 
a second trench in the epitaxial semiconductor layer, the 

second trench having a bottom surface, 
Wherein: 

a portion of the electrically insulating trench is adjacent 
to the bottom surface of the second trench. 

15. An electronic component comprising: 
a semiconductor substrate having a P-type conductivity; 
an epitaxial semiconductor layer over the semiconductor 

substrate; 
a semiconductor region in the epitaxial semiconductor 

layer having an N-type conductivity, a ?rst portion of 
the epitaxial semiconductor layer located beloW the 
semiconductor region and a second portion of the 
epitaxial semiconductor layer located above the semi 
conductor region, the ?rst portion of the epitaxial 
semiconductor layer having the P-type conductivity; 

a ?rst electrically insulating trench extending through the 
second portion of the epitaxial semiconductor layer, 
through the semiconductor region, through the ?rst 
portion of the epitaxial semiconductor layer, and into at 
least a portion of the semiconductor substrate; and 

tWo semiconductor devices in at least the second portion 
of the epitaxial semiconductor layer, 

Wherein: 
a ?rst one of the tWo semiconductor devices is sepa 

rated from a second one of the tWo semiconductor 
devices by the ?rst electrically insulating trench; and 

the ?rst portion of the epitaxial semiconductor layer has 
a doping concentration loWer than a doping concen 
tration of the semiconductor substrate. 
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16. The electronic component of claim 15 Wherein: 
the ?rst electrically insulating trench has a Width of 

approximately 1.5 to 2.5 micrometers. 
17. The electronic component of claim 15 further com 

prising: 
a second electrically insulating trench extending through 

the second portion of the epitaxial semiconductor layer, 
through the semiconductor region, through the ?rst 
portion of the epitaxial semiconductor layer, and into at 
least a portion of the semiconductor substrate, 

Wherein: 
the ?rst one of the tWo semiconductor devices is 

separated from the second one of the tWo semicon 
ductor devices by the ?rst and second electrically 
insulating trenches. 

18. The electronic component of claim 17 Wherein: 
the ?rst and second electrically insulating trenches are 

spaced apart from each other. 
19. The electronic component of claim 18 Wherein: 
the ?rst and second electrically insulating trenches have a 

Width of approximately 1.0 to 2.0 micrometers. 
20. The electronic component of claim 17 further com 

prising: 
at least one dielectric material ?lling the ?rst and second 

electrically insulating trenches. 
21. The electronic component of claim 17 further com 

prising: 
a dielectric material in the ?rst and second electrically 

insulating trenches; and 
a semiconducting material in the ?rst and second electri 

cally insulating trenches and separated from the epi 
taxial semiconductor layer by the dielectric material. 

22. The electronic component of claim 21 Wherein: 
the semiconducting material is electrically ?oating. 
23. The electronic component of claim 21 Wherein: 
the semiconducting material is electrically biased. 
24. The electronic component of claim 21 Wherein: 
the doping concentration of the semiconductor substrate is 

at least 1018 atoms per cubic centimeter. 
25. The electronic component of claim 21 Wherein: 
the epitaxial semiconductor layer is a composite epitaxial 

semiconductor layer comprised of a ?rst epitaxial semi 
conductor layer and a second epitaxial semiconductor 
layer, the ?rst portion of the epitaxial semiconductor 
layer located Within the ?rst epitaxial semiconductor 
layer and the second portion of the epitaxial semicon 
ductor layer located Within the second epitaxial semi 
conductor layer; 

the ?rst epitaxial semiconductor layer has the P-type 
conductivity; and 

the second epitaxial semiconductor layer has the P-type 
conductivity. 

26. The electronic component of claim 21 Wherein: 
the epitaxial semiconductor layer is a composite epitaxial 

semiconductor layer comprised of a ?rst epitaxial semi 
conductor layer and a second epitaxial semiconductor 
layer, the ?rst portion of the epitaxial semiconductor 
layer located Within the ?rst epitaxial semiconductor 
layer and the second portion of the epitaxial semicon 
ductor layer located Within the second epitaxial semi 
conductor layer; 

the ?rst epitaxial semiconductor layer has the P-type 
conductivity; and 

the second epitaxial semiconductor layer has the N-type 
conductivity. 
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27. The electronic component of claim 21 Wherein: 
the epitaxial semiconductor layer is a single epitaxial 

semiconductor layer Wherein the second portion of the 
epitaxial semiconductor layer has the P-type conduc 
tivity. 

28. The electronic component of claim 15 further com 
prising: 

a second trench in the epitaxial semiconductor layer, the 
second trench having a bottom surface, 

Wherein: 
a portion of the ?rst electrically insulating trench is 

adjacent to the bottom surface of the second trench. 
29. A method of manufacturing an electronic component, 

the method comprising: 
providing a semiconductor substrate; 
groWing an epitaxial semiconductor layer over the semi 

conductor substrate; 
forming a buried layer in the epitaxial semiconductor 

layer, a ?rst portion of the epitaxial semiconductor 
layer located beloW the buried layer and a second 
portion of the epitaxial semiconductor layer located 
above the buried layer; and 

forming an electrically insulating trench extending into at 
least a portion of the buried layer, 

Wherein: 
the epitaxial semiconductor layer has a doping concen 

tration loWer than a doping concentration of the ?rst 
portion of the semiconductor substrate. 

30. The method of claim 29 Wherein: 
forming an electrically insulating trench comprises: 

forming a ?rst electrically insulating trench; and 
forming a second electrically insulating trench; and 

the ?rst electrically insulating trench and the second 
electrically insulating trench are separated by portions 
of the ?rst and second portions of the epitaxial semi 
conductor layer. 

31. A method of manufacturing an electronic component, 
the method comprising: 

providing a semiconductor substrate; 
groWing a ?rst epitaxial semiconductor layer over the 

semiconductor substrate; 
forming a doped region in an upper portion of the ?rst 

epitaxial semiconductor layer; 
groWing a second epitaxial semiconductor layer over the 

?rst epitaxial semiconductor layer; 
forming an electrically insulating trench extending into at 

least a portion of the doped region, 
Wherein: 

the ?rst epitaxial semiconductor layer has a doping 
concentration loWer than a doping concentration of 
the semiconductor substrate. 

32. The method of claim 31 Wherein: 
groWing the second epitaxial semiconductor layer further 

comprises: 
diffusing a portion of the doped region into a loWer 

portion of the second epitaxial semiconductor layer. 
33. The method of claim 31 Wherein: 
forming an electrically insulating trench comprises: 

forming a ?rst electrically insulating trench; and 
forming a second electrically insulating trench; and 

the ?rst electrically insulating trench and the second 
electrically insulating trench are separated by portions 
of the ?rst and second epitaxial semiconductor layers. 

* * * * * 


